Due to the complexity of electrospray ionization processes and the many factors that affect the ion signal, optimization of electrospray ionization methods to gain ultimate sensitivity for analysis of nucleobases and nucleosides may not be straightforward. In this work, we investigated the effect of the p K, and the gas-phase basicity of analyte and other electrolytes on the [M + H]+ ion signal for 11 select nuc1eobases and nucleosides in 50% methanol:water solution. Solution chemistry plays a role in the electrospray signal for all analytes, but gas-phase chemistry may be important for compounds with p K, < 3 depending on the solution composition. For compounds with pK a < 3, gas-phase proton transfer reactions can be promoted to increase analyte electrospray response by the addition of ammonium acetate to the solution.
the strong acid (ion-pair interactions) [12, 13] . In fact, because of nonequilibrium processes such as electrophoretic charging, droplet disruption, and evaporation, the actual pH under which desorption occurs can be greatly different from the pH in bulk solution [9] [10] [11] . Ion suppression also occurs when other electrolytes (> 10-6 M) are present in solution [3, 4, [8] [9] [10] [11] [12] [13] . The degree of signal reduction is dependent on the concentration and the surface activity of the analytes and the electrolytes [3, 4] . In addition, gas-phase proton transfer reactions between neutral molecules and protonated ions can occur. Such interactions increase the complexity of optimization protocol [5, 15, 16] .
To date few studies exist that investigate the relative importance and balance among processes that occur in the solution or in the gas phase. A greater study of these processes is thus justified and needed to gain practical knowledge about approaches to optimize ESI methods. Herein, we conduct such a study to investigate the influence of the p K, and the gas-phase basicity of analyte and other electrolytes on the [M + H]+ ion intensity of selected nucleobases and nucleosides.
Experimental

Standards and Samples Preparation
Nucleobases and nucleosides (free base) were purchased from Sigma Chemical Co. gas-phase proton transfer is an important process, then an increase in the ion signal with increasing concentrations of ammonium acetate will be observed.
We present the data in Figure 1 as promoted by gas-phase proton transfer reactions. This sharp decrease in the ion signal with TPA likely is due to the competition for protons in either the gas or condensed phase [3, 4j. The relationship between the p K, of analyte and the influence of the presence of ammonium acetate in solutions is further exemplified by the results shown in Figure 2 . In this figure, we present a plot of the intensity of [M + H]" ions of 11 nucleobases and nucleosides (50 /LM) in a solution that contains 500-/LM ammonium acetate and in a solution without ammonium acetate, versus the analyte pK a • These data indiAldrich Chemical Co. (Milwaukee, WI). Water and methanol (high-performance liquid chromatography grade) were obtained from Fisher Scientific (Fair Lawn, NJ) and Mallinckrodt (Paris, KY), respectively. Tripropylamine (free base) and ammonium acetate were bought from Aldrich Chemical Co. and EM Science (Gibbstown, NJ), respectively. Solutions of nucleabases and nucleosides were prepared in 50% methanol:water (MeOH:H 2 0 v jv) and were stored in polypropylene plastic containers. In order to avoid acidification due to dissolution of CO 2 in solution, we degassed samples by passing a stream of He through the sample solution for 30 min prior to the analysis by electrospray ionization-mass spectrometry (ESI-MS).
Instrumental Conditions
The experiments were conducted on a Finnigan 4000 quadrupole mass spectrometer (Finnigan-MAT, San Jose, CA) equipped with an ESI source (nonpneumatically assisted eleetrospray ionization) obtained from Analytica of Branford (Branford, CT). Details of this ESI source design are presented elsewhere [18] . The voltage on the eleetrospray needle was set to maximize the [M + Hj+ signal (3.0-3.9 kV). We set the voltage difference between the exit of the glass capillary and the first skimmer at 70-80 V to optimize the analyte signal and to minimize the fragmentation due to collision-induced dissociations in this differential pumping region. The flow rate of the solution was controlled by using a syringe pump (Sage 341B, Sage Instruments, Boston, MA) at 2 JLLjmin. Mass spectra were acquired and processed by a Technivent Vectorj2 est. Louis, MO) data system over a mass range from mjz 20 to 400 in 1 s, The relative intensity of the [M + H]+ ion was determined by the average of 60 scans and was normalized to that of thymine. We ensured continuity of the data among analyses conducted in one day and on different days by analyzing 5-/LM standards of thymine. Overall, the variability within a day and among days was < 15%.
Results and Discussion
To study the influence of pK a and gas-phase proton transfer reactions on the electrospray response of nucleobases and nucleosides, we investigated the effect of ammonium acetate and tripropylamine (TPA) in solution on the [M + Hj+ ion signal of thymine, guanine, and adenine. The employment of such solutions provides for an elegant experiment because the p K, of NH 3(pK a = 9.3) and TPA(pK a = 10.4) are both higher than those of adenine (pK a = 4.1), guanine (pK a = 3.2), and thymine (pK a = 0), and the gas-phase basicity of NH 3 (GB = 195.6 kcalyrnol). but not TPA (GB = 226.2 kcalyrnol), is lower than those of adenine (GB = 215.7 kcaly'mol), guanine (GB = 215 kcaly'mol), and thymine (GB = 201 kcaly'mol) [5, [19] [20] [21] [22] . This combination of physicochemical characteristics means that (I) it is not 
Conclusion
Optimization of the electrospray response of nucleobases and nucleosides is a challenge due to the many processes and parameters that must be considered. We have demonstrated that solution chemistry affects the signal for all analytes, but gas-phase proton transfer chemistry may be important for compounds with pK a < 3. The relative significance of such processes depends on the p K, and the gas-phase basicity of the analytes, and the nature of electrolyte in solution. It is acknowledged also that because the analytes gas basicity is unknown, in certain cases such as I-methyladenosine, the p K, and gas basicity may not be per- In contrast, a decreasing trend is observed for compounds with pK a > 3 in ammonium acetate solution. Gasphase proton transfer reactions thus play an important role in the electrospray ionization of compounds with p K, < 3. Compounds with higher pK a , however, are not significantly affected by gas-phase proton transfer reactions.
